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What is “Relativistic Canonical Quantization”?
D. A. Arbatsky∗
November 3, 2018
Abstract
The purpose of this review is to give the most popular description of the scheme of quantization of relativistic
fields that was named relativistic canonical quantization (RCQ). I do not give here the full exact account of this
scheme. But with the help of this review any physicist, even not a specialist in the relativistic quantum theory,
will be able to get a general view of the content of RCQ, of its connection with other known approaches, of its
novelty and of its fruitfulness.
Invariant Hamiltonian formalism
It is generally known that for construction of quantized fields it appears to be useful to calculate Poisson brackets
of field values. And a Poisson bracket is the notion of Hamiltonian formalism.
If we have a problem to create a completely relativistic-invariant scheme of quantization of fields, then we wish,
first of all, to formulate Hamiltonian formalism in relativistic-invariant form.
Science solved this problem for surprisingly long time. In fact, it was generally accepted that Hamiltonian formalism
can not be formulated in explicitly relativistic-invariant form.
Nevertheless, with development of methods of symplectic geometry, it became possible to formulate Hamiltonian
formalism on the basis of such notions that turned out to have relativistic-invariant analogs. Here these notions
are: phase space, symplectic structure on phase space, canonical action of the one-parameter group of time shifts
in phase space.
For relativistic fields the analogs of these notions are, correspondingly: invariant phase space, symplectic structure
on invariant phase space, canonical action of the Poincare group on invariant phase space.
Invariant phase space. A point of usual phase space describes the dynamical state of system in the fixed
moment of time. If for each initial state of the system the equations of motion are solvable, and uniquely, then
we can speak about one-to-one correspondence between the phase space of the system (for the fixed moment of
time) and the set of solutions of the equations of motion. This set of solutions of the equations of motion is called
invariant phase space.
Invariant phase space possesses natural structure of manifold. If dynamical system is a relativistic field, then as
possible coordinate functions on invariant phase space we can use values of magnitude of the field in fixed points
of space-time.
So, from the viewpoint of structure of invariant phase space, possible values of field in a fixed point of space-time
are just one of the huge set of functions on invariant phase space.
Symplectic structure. It can seem that the absence of any special coordinate functions on invariant phase
space, that could be used to identify points of this space, makes this space an empty abstraction.
But this is not so. Because it is possible to show that invariant phase space, like usual one, possesses symplectic
structure.
When we state one-to-one correspondence of points of the invariant phase space and points of a usual phase space,
taken in a fixed moment of time, it turns out that their symplectic structure correspond to each other. From this
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it is clear that existence of the symplectic structure on invariant phase space is a fact which is a generalization of
Liouville and Poincare theorems.
As regards Poisson brackets, they are defined through symplectic structure. Their mathematical definition, in fact,
does not change. But so far as this definition is applied to objects of other nature, it turns out that such Poisson
brackets are a deep generalization of the usual. For example, they can be calculated between values of field in
different moments of time.
Action of Poincare group. If the initial Lagrangian of a field is relativistic-invariant, then the equations of
motion are also relativistic-invariant. So, under any transformation from the Poincare group a solution of the
equations of motion is transformed into solution.
In other words, the Poincare group acts on invariant phase space.
So far as the symplectic structure on invariant phase space is defined through Lagrangian, it turns out to be invariant
under the action of the Poincare group. So, the Poincare group acts on the invariant phase space canonically.
Field representations. For the problem of quantization we can restrict ourself with linear fields. These fields
are characterized by the property that addition of two solutions of equations of motions is solution. From the point
of view of invariant phase space, we can say that in this case it possesses natural linear structure.
The Poincare group preserves this linear structure. So, the Poincare group acts on invariant phase space as a group
of symplectic transformations.
So far as for the purpose of quantization it is necessary to analyse this action of the Poincare group by methods of
group theory, it is useful to use the following terminology. We say that linear relativistic fields define symplectic
representations of the Poincare group. These representations (and also their conjugate and complexified) are also
called field representations.
We will not become more profound here in the theory of field representations. Let us just notice that this theory
is quite analogous to the Wigner-Mackey theory of unitary representations of Poincare group, but it plays more
fundamental role for the theory of quantized fields.
Construction of quantized field
So, now we already have all necessary structures that are used for constructing of quantized field. Here they are:
invariant phase space of linear classical field, symplectic structure on this space, properly classified invariant (with
respect to the Poincare group) subspaces of field representation, and the proper set of classical field values that are
“quantized”.
In this review I omit a description of exact construction of quantized field. From the point of view of an algebraist
all methods used for it are well known. Similar methods are used for construction of universal enveloping algebras
for Lie algebras, for construction of Grassmanian algebras etc.
Let us give now a list of some most important properties of the quantization under consideration.
• Quantization is performed constructively. Properties of quantized field (for example, commutation relations)
are not postulated, but follow from the construction.
• The construction is explicitly relativistic-invariant.
• The method makes possible to see, how quantum system acquires integrals of motion connected with symmetry
group, like initial classical system. So, it becomes possible to formulate the mathematically rigorous analog
of Noether theorem.
• The quantization scheme naturally covers the possibility of quantization in a space with indefinite scalar
product.
Application to electromagnetic field
The problem of quantization of electromagnetic field was one of the main stimuli for creation of RCQ.
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It is known for a long time, that for the problems of quantum theory it is necessary to describe electromagnetic
field by means of vector potential. It is also known that an attempt of quantization of such a vector field leads to
the necessity of consideration of indefinite scalar product in quantum space of states.
An indefinite scalar product, in contrast to positive-definite case, does not define topology.
This problem was just ignored up to now (in educational literature). By analogy with some other fields, it was
believed that the space of states of quantized electromagnetic field must be Hilbert space, at least from topological
point of view.
The RCQ method has shown that this is not so.
Other applications
The RCQ method, of course, can be applied to other fields (for example, to scalar, to electron-positron etc.)
It is known that, for example, the scalar field has only one quantization in Hilbert space. Such a quantization is
already constructed, of course. And the RCQ method (if we restrict ourself with positive-definite scalar product)
can not lead to other quantization.
Of course, the RCQ method leads in this case to equivalent quantization. But the undoubted merit of the method is
that the construction is performed in the frame of the general scheme, without any “guesses”, “classical analogies”
etc.
It happens so because the RCQ method is a rigorous mathematical construction.
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×òî òàêîå

ðåëÿòèâèñòñêîå êàíîíè÷åñêîå êâàíòîâàíèå?
Ä. À. Àðáàòñêèé
∗
3 íîÿáðÿ 2018 ã.
Àííîòàöèÿ
Öåëü äàííîãî îáçîðà  äàòü ìàêñèìàëüíî äîñòóïíîå îïèñàíèå ñõåìû êâàíòîâàíèÿ ðåëÿòèâèñòñêèõ
ïîëåé, êîòîðàÿ ïîëó÷èëà íàçâàíèå ðåëÿòèâèñòñêîå êàíîíè÷åñêîå êâàíòîâàíèå (ÊÊ). Çäåñü íå äà¼òñÿ
ïîëíîãî òî÷íîãî èçëîæåíèÿ äàííîé ñõåìû. Íî ñ ïîìîùüþ äàííîãî îáçîðà ëþáîé èçèê, äàæå íå ÿâëÿþùèéñÿ
ñïåöèàëèñòîì ïî ðåëÿòèâèñòñêîé êâàíòîâîé òåîðèè, ñìîæåò ïîëó÷èòü îáùåå ïðåäñòàâëåíèå î ñîäåðæàíèè
ÊÊ, î åãî ñâÿçè ñ äðóãèìè ñóùåñòâóþùèìè ïîäõîäàìè, î åãî íîâèçíå è î åãî ïëîäîòâîðíîñòè.
Èíâàðèàíòíûé ãàìèëüòîíîâ îðìàëèçì
Îáùåèçâåñòíî, ÷òî äëÿ ïîñòðîåíèÿ êâàíòîâàííûõ ïîëåé îêàçûâàåòñÿ ïîëåçíûì âû÷èñëÿòü ñêîáêè Ïóàññîíà
îò ïîëåâûõ âåëè÷èí. À ñêîáêà Ïóàññîíà ÿâëÿåòñÿ ïîíÿòèåì ãàìèëüòîíîâà îðìàëèçìà.
Åñëè ïåðåä íàìè ñòîèò çàäà÷à ñîçäàòü ïîëíîñòüþ ðåëÿòèâèñòñêè-èíâàðèàíòíóþ ñõåìó êâàíòîâàíèÿ ïîëåé, òî
õîòåëîñü áû ïðåæäå âñåãî ñîðìóëèðîâàòü ãàìèëüòîíîâ îðìàëèçì â ðåëÿòèâèñòñêè-èíâàðèàíòíîé îðìå.
Ýòó çàäà÷ó íàóêà ðåøàëà óäèâèòåëüíî äîëãî. Ôàêòè÷åñêè, ñ÷èòàëîñü îáùåïðèíÿòûì, ÷òî ãàìèëüòîíîâ îðìàëèçì
íåëüçÿ ñîðìóëèðîâàòü â ÿâíî ðåëÿòèâèñòñêè-èíâàðèàíòíîé îðìå.
Îäíàêî, ñ ðàçâèòèåì ìåòîäîâ ñèìïëåêòè÷åñêîé ãåîìåòðèè, ãàìèëüòîíîâ îðìàëèçì óäàëîñü ñîðìóëèðîâàòü
íà îñíîâå òàêèõ áàçîâûõ ïîíÿòèé, ó êîòîðûõ îáíàðóæèëèñü ðåëÿòèâèñòñêè-èíâàðèàíòíûå àíàëîãè. Âîò
ýòè ïîíÿòèÿ: àçîâîå ïðîñòðàíñòâî, ñèìïëåêòè÷åñêàÿ ñòðóêòóðà íà àçîâîì ïðîñòðàíñòâå, êàíîíè÷åñêîå
äåéñòâèå îäíîïàðàìåòðè÷åñêîé ãðóïïû âðåìåííûõ ñäâèãîâ íà àçîâîì ïðîñòðàíñòâå.
Ó ðåëÿòèâèñòñêèõ ïîëåé àíàëîãàìè ýòèõ ïîíÿòèé âûñòóïàþò, ñîîòâåòñòâåííî: èíâàðèàíòíîå àçîâîå ïðîñòðàíñòâî,
ñèìïëåêòè÷åñêàÿ ñòðóêòóðà íà èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå, êàíîíè÷åñêîå äåéñòâèå ãðóïïû Ïóàíêàðå
íà èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå.
Èíâàðèàíòíîå àçîâîå ïðîñòðàíñòâî. Òî÷êà îáû÷íîãî àçîâîãî ïðîñòðàíñòâà õàðàêòåðèçóåò äèíàìè÷åñêîå
ñîñòîÿíèå ñèñòåìû â äàííûé ìîìåíò âðåìåíè. Åñëè äëÿ êàæäîãî íà÷àëüíîãî ñîñòîÿíèÿ ñèñòåìû óðàâíåíèÿ
äâèæåíèÿ ðàçðåøèìû, ïðè÷¼ì åäèíñòâåííûì îáðàçîì, òî ìîæíî ãîâîðèòü î âçàèìíî-îäíîçíà÷íîì ñîîòâåòñòâèè
ìåæäó àçîâûì ïðîñòðàíñòâîì ñèñòåìû (äëÿ çàäàííîãî ìîìåíòà âðåìåíè) è ìíîæåñòâîì ðåøåíèé óðàâíåíèé
äâèæåíèÿ. Âîò ýòî ìíîæåñòâî ðåøåíèé óðàâíåíèé äâèæåíèÿ è íàçûâàåòñÿ èíâàðèàíòíûì àçîâûì ïðîñòðàíñòâîì.
Èíâàðèàíòíîå àçîâîå ïðîñòðàíñòâî îáëàäàåò åñòåñòâåííîé ñòðóêòóðîé ìíîãîîáðàçèÿ. Åñëè â êà÷åñòâå äèíàìè÷åñêîé
ñèñòåìû âûñòóïàåò ðåëÿòèâèñòñêîå ïîëå, òî â êà÷åñòâå âîçìîæíûõ êîîðäèíàòíûõ óíêöèé íà èíâàðèàíòíîì
àçîâîì ïðîñòðàíñòâå ìîãóò âûñòóïàòü çíà÷åíèÿ âåëè÷èíû ïîëÿ â èêñèðîâàííûõ òî÷êàõ ïðîñòðàíñòâà-
âðåìåíè.
Òàêèì îáðàçîì, ñ òî÷êè çðåíèÿ ñòðóêòóðû èíâàðèàíòíîãî àçîâîãî ïðîñòðàíñòâà, âîçìîæíûå çíà÷åíèÿ
ïîëÿ â èêñèðîâàííîé òî÷êå ïðîñòðàíñòâà-âðåìåíè  ëèøü îäíà èç îãðîìíîãî ìíîæåñòâà óíêöèé íà
èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå.
Ñèìïëåêòè÷åñêàÿ ñòðóêòóðà. Îòñóòñòâèå íà èíâàðèàíòîì àçîâîì ïðîñòðàíñòâå êàêèõ-ëèáî âûäåëåííûõ
êîîðäèíàòíûõ óíêöèé, ñ êîòîðûìè ñëåäîâàëî áû ñâÿçûâàòü òî÷êè ýòîãî ïðîñòðàíñòâà, êàçàëîñü áû, ïðåâðàùàåò
åãî â áåññîäåðæàòåëüíóþ àáñòðàêöèþ.
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Ýòî, îäíàêî, íå òàê. Èáî ìîæíî ïîêàçàòü, ÷òî èíâàðèàíòíîå àçîâîå ïðîñòðàíñòâî, êàê è îáû÷íîå, îáëàäàåò
ñèìïëåêòè÷åñêîé ñòðóêòóðîé.
Ïðè ñîïîñòàâëåíèè òî÷åê èíâàðèàíòíîãî àçîâîãî ïðîñòðàíñòâà ñ òî÷êàìè îáû÷íîãî àçîâîãî ïðîñòðàíñòâà,
âçÿòîãî â èêñèðîâàííûé ìîìåíò âðåìåíè, îêàçûâàåòñÿ, ÷òî èõ ñèìïëåêòè÷åñêèå ñòðóêòóðû ïåðåõîäÿò äðóã â
äðóãà. Îòñþäà ÿñíî, ÷òî ñóùåñòâîâàíèå ñèìïëåêòè÷åñêîé ñòðóêòóðû íà èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå 
àêò, ÿâëÿþùèéñÿ îáîáùåíèåì òåîðåì Ëèóâèëëÿ è Ïóàíêàðå.
×òî êàñàåòñÿ ñêîáîê Ïóàññîíà  òî îíè îïðåäåëÿþòñÿ ÷åðåç ñèìïëåêòè÷åñêóþ ñòðóêòóðó. Ìàòåìàòè÷åñêîå
îïðåäåëåíèå èõ, ïî ñóòè, íå ìåíÿåòñÿ. Íî ïîñêîëüêó ýòî îïðåäåëåíèå ïðèìåíÿåòñÿ ê îáúåêòàì èíîé ïðèðîäû,
îêàçûâàåòñÿ, ÷òî òàêèå ñêîáêè Ïóàññîíà ÿâëÿþòñÿ ãëóáîêèì îáîáùåíèåì îáû÷íûõ. Íàïðèìåð, èõ ìîæíî
âû÷èñëÿòü ìåæäó çíà÷åíèÿìè ïîëÿ â ðàçíûå ìîìåíòû âðåìåíè.
Äåéñòâèå ãðóïïû Ïóàíêàðå. Åñëè èñõîäíûé ëàãðàíæèàí ïîëÿ ðåëÿòèâèñòñêè-èíâàðèàíòåí, òî è óðàâíåíèÿ
äâèæåíèÿ ðåëÿòèâèñòñêè-èíâàðèàíòíû. Òî åñòü ïðè ëþáîì ïðåîáðàçîâàíèè èç ãðóïïû Ïóàíêàðå ðåøåíèå
óðàâíåíèé äâèæåíèÿ ïåðåõîäèò â ðåøåíèå.
Èíà÷å ãîâîðÿ, ãðóïïà Ïóàíêàðå äåéñòâóåò íà èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå.
Ïîñêîëüêó ñèìïëåêòè÷åñêàÿ ñòðóêòóðà íà èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå îïðåäåëÿåòñÿ ÷åðåç ëàãðàíæèàí,
îíà îêàçûâàåòñÿ èíâàðèàíòíîé îòíîñèòåëüíî äåéñòâèÿ ãðóïïû Ïóàíêàðå. Òî åñòü ãðóïïà Ïóàíêàðå äåéñòâóåò
íà èíâàðèàíòíîì àçîâîì ïðîñòðàíñòâå êàíîíè÷åñêè.
Ïîëåâûå ïðåäñòàâëåíèÿ. Äëÿ öåëåé êâàíòîâàíèÿ ìîæíî îãðàíè÷èòüñÿ ëèíåéíûìè ïîëÿìè. Ýòè ïîëÿ
õàðàêòåðèçóþòñÿ òåì, ÷òî ïðè ñëîæåíèè äâóõ ðåøåíèé óðàâíåíèé äâèæåíèÿ ïîëó÷àåòñÿ ðåøåíèå. Ñ òî÷êè
çðåíèÿ èíâàðèàíòíîãî àçîâîãî ïðîñòðàíñòâà, ìîæíî ñêàçàòü, ÷òî â ýòîì ñëó÷àå îíî îáëàäàåò åñòåñòâåííîé
ëèíåéíîé ñòðóêòóðîé.
ðóïïà Ïóàíêàðå ýòó ëèíåéíóþ ñòðóêòóðó ñîõðàíÿåò. Òàêèì îáðàçîì, ãðóïïà Ïóàíêàðå äåéñòâóåò íà èíâàðèàíòíîì
àçîâîì ïðîñòðàíñòâå êàê ãðóïïà ñèìïëåêòè÷åñêèõ ïðåîáðàçîâàíèé.
Ïîñêîëüêó äëÿ öåëåé êâàíòîâàíèÿ îêàçûâàåòñÿ âàæíûì èçó÷èòü ýòî äåéñòâèå ãðóïïû Ïóàíêàðå ìåòîäàìè
òåîðèè ãðóïï, ïîëåçíîé îêàçûâàåòñÿ åù¼ òàêàÿ òåðìèíîëîãèÿ. îâîðÿò, ÷òî ëèíåéíûå ðåëÿòèâèñòñêèå ïîëÿ
çàäàþò ñèìïëåêòè÷åñêèå ïðåäñòàâëåíèÿ ãðóïïû Ïóàíêàðå. Ýòè ïðåäñòàâëåíèÿ (à òàêæå èõ ñîïðÿæ¼ííûå è
êîìïëåêñèèöèðîâàííûå) íàçûâàþò ïîëåâûìè ïðåäñòàâëåíèÿìè.
Ìû íå áóäåì çäåñü óãëóáëÿòüñÿ â òåîðèþ ïîëåâûõ ïðåäñòàâëåíèé. Çàìåòèì ëèøü, ÷òî îíà âî ìíîãîì àíàëîãè÷íà
òåîðèè Âèãíåðà-Ìàêêè óíèòàðíûõ ïðåäñòàâëåíèé ãðóïïû Ïóàíêàðå, íî ïðè ýòîì îíà èãðàåò äëÿ òåîðèè
êâàíòîâàííûõ ïîëåé áîëåå óíäàìåíòàëüíóþ ðîëü.
Êîíñòðóêöèÿ êâàíòîâàííîãî ïîëÿ
Èòàê, òåïåðü ìû óæå èìååì âñå íåîáõîäèìûå ñòðóêòóðû, èç êîòîðûõ êîíñòðóèðóåòñÿ êâàíòîâàííîå ïîëå.
Âîò ýòè ñòðóêòóðû: èíâàðèàíòíîå àçîâîå ïðîñòðàíñòâî ëèíåéíîãî êëàññè÷åñêîãî ïîëÿ, ñèìïëåêòè÷åñêàÿ
ñòðóêòóðà íà ýòîì ïðîñòðàíñòâå, ïîäõîäÿùèì îáðàçîì êëàññèèöèðîâàííûå èíâàðèàíòíûå (îòíîñèòåëüíî
ãðóïïû Ïóàíêàðå) ïîäïðîñòðàíñòâà ïîëåâîãî ïðåäñòàâëåíèÿ, à òàêæå ïîäõîäÿùåå ìíîæåñòâî êëàññè÷åñêèõ
ïîëåâûõ âåëè÷èí, êîòîðûå

êâàíòóþòñÿ.
Â äàííîì îáçîðå ìû îïóñòèì îïèñàíèå ñàìîé êîíñòðóêöèè êâàíòîâàííîãî ïîëÿ. Ñ òî÷êè çðåíèÿ ìàòåìàòèêà-
àëãåáðàèñòà âñå èñïîëüçóåìûå ïðè ýòîì ìåòîäû õîðîøî èçâåñòíû. Ïîäîáíûå ìåòîäû ïðèìåíÿþòñÿ ïðè êîíñòðóèðîâàíèè
óíèâåðñàëüíûõ îá¼ðòûâàþùèõ àëãåáð äëÿ àëãåáð Ëè, ïðè êîíñòðóèðîâàíèè ãðàññìàíîâûõ àëãåáð è ò. ï.
Ïðèâåä¼ì çäåñü ïåðå÷åíü íåêîòîðûõ íàèáîëåå âàæíûõ ñâîéñòâ îáñóæäàåìîãî ìåòîäà êâàíòîâàíèÿ.
• Êâàíòîâàíèå ïðîèçâîäèòñÿ êîíñòðóêòèâíî. Ñâîéñòâà êâàíòîâàííîãî ïîëÿ (íàïðèìåð, êîììóòàöèîííûå
ñîîòíîøåíèÿ) ïðè ýòîì íå ïîñòóëèðóþòñÿ, à âûòåêàþò èç ñàìîé êîíñòðóêöèè.
• Êîíñòðóêöèÿ ÿâíî ðåëÿòèâèñòñêè-èíâàðèàíòíà.
• Ìåòîä äà¼ò âîçìîæíîñòü óâèäåòü, êàêèì îáðàçîì ó êâàíòîâîé ñèñòåìû ïîÿâëÿþòñÿ òå æå èíòåãðàëû
äâèæåíèÿ, ñâÿçàííûå ñ íàëè÷èåì ãðóïïû ñèììåòðèè, ÷òî è ó èñõîäíîé êëàññè÷åñêîé ñèñòåìû. Òàêèì
îáðàçîì, óäà¼òñÿ ñîðìóëèðîâàòü ìàòåìàòè÷åñêè ñòðîãèé êâàíòîâûé àíàëîã òåîðåìû Í¼òåð.
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• Äàííàÿ ñõåìà êâàíòîâàíèÿ âêëþ÷àåò â ñåáÿ ñîâåðøåííî åñòåñòâåííî âîçìîæíîñòü êâàíòîâàíèÿ â ïðîñòðàíñòâå
ñ èíäåèíèòíûì ñêàëÿðíûì ïðîèçâåäåíèåì.
Ïðèìåíåíèå ê ýëåêòðîìàãíèòíîìó ïîëþ
Ïðîáëåìà êâàíòîâàíèÿ ýëåêòðîìàãíèòíîãî ïîëÿ áûëà îäíèì èç ãëàâíûõ ñòèìóëîâ äëÿ ñîçäàíèÿ ÊÊ.
Äàâíî èçâåñòíî, ÷òî äëÿ öåëåé êâàíòîâîé òåîðèè ýëåêòðîìàãíèòíîå ïîëå íóæíî îïèñûâàòü ñ ïîìîùüþ
âåêòîðíîãî ïîòåíöèàëà. Èçâåñòíî òàêæå, ÷òî ïðè ïîïûòêå êâàíòîâàíèÿ òàêîãî âåêòîðíîãî ïîëÿ âîçíèêàåò
íåîáõîäèìîñòü ðàññìàòðèâàòü èíäåèíèòíîå ñêàëÿðíîå ïðîèçâåäåíèå â êâàíòîâîì ïðîñòðàíñòâå ñîñòîÿíèé.
Èíäåèíèòíîå ñêàëÿðíîå ïðîèçâåäåíèå, â îòëè÷èå îò ïîëîæèòåëüíî-îïðåäåë¼ííîãî ñëó÷àÿ, íå çàäà¼ò òîïîëîãèè.
Ýòà ïðîáëåìà äî ñèõ ïîð ïðîñòî çàìàë÷èâàëàñü (â ó÷åáíîé ëèòåðàòóðå). Ïî àíàëîãèè ñ íåêîòîðûìè äðóãèìè
ïîëÿìè ñ÷èòàëîñü, ÷òî ïðîñòðàíñòâî ñîñòîÿíèé êâàíòîâàííîãî ýëåêòðîìàãíèòíîãî ïîëÿ äîëæíî áûòü ãèëüáåðòîâûì,
ïî êðàéíåé ìåðå ñ òîïîëîãè÷åñêîé òî÷êè çðåíèÿ.
Ìåòîä ÊÊ ïîêàçàë, ÷òî ýòî íå òàê.
Äðóãèå ïðèìåíåíèÿ
Ìåòîä ÊÊ, ðàçóìååòñÿ, ïðèìåíèì è ê äðóãèì ïîëÿì (íàïðèìåð, ê ñêàëÿðíîìó, ê ýëåêòðîííî-ïîçèòðîííîìó
è ò. ï.).
Èçâåñòíî, ÷òî, ñêàæåì, ñêàëÿðíîå ïîëå èìååò åäèíñòâåííîå êâàíòîâàíèå â ãèëüáåðòîâîì ïðîñòðàíñòâå. Òàêîå
êâàíòîâàíèå, êîíå÷íî, óæå äàâíî ïîñòðîåíî. È ìåòîä ÊÊ (åñëè îãðàíè÷èòüñÿ ïîëîæèòåëüíî-îïðåäåë¼ííûì
ñêàëÿðíûì ïðîèçâåäåíèåì) íå ìîæåò ïðèâîäèòü ê äðóãîìó êâàíòîâàíèþ.
Êîíå÷íî, ìåòîä ÊÊ ïðèâîäèò â ýòîì ñëó÷àå ê ýêâèâàëåíòíîìó êâàíòîâàíèþ. Íî íåñîìíåííîå äîñòîèíñòâî
ìåòîäà ñîñòîèò â òîì, ÷òî ñàìî ïîñòðîåíèå ïðè ýòîì ïðîèñõîäèò â ðàìêàõ îáùåé ñõåìû, áåç êàêèõ áû òî íè
áûëî

äîãàäîê,

êëàññè÷åñêèõ àíàëîãèé è ò. ï.
Òàê ïðîèñõîäèò ïîòîìó, ÷òî ìåòîä ÊÊ ÿâëÿåòñÿ ñòðîãîé ìàòåìàòè÷åñêîé êîíñòðóêöèåé.
Ñïèñîê ëèòåðàòóðû
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
Î êâàíòîâàíèè ýëåêòðîìàãíèòíîãî ïîëÿ (2002), arXiv:math-ph/0402003 .
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